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ABSTRACT 
 
       In the present study 808 donkeys in Khartoum state were 
investigated for bacterial wound infection. The investigation included 
isolation and identification of the contaminated bacteria, 
determination of sensitivity of the isolates to different antibacterial 
drugs, and evaluation of the methods of treatment used.  The relation 
between some factors (age, sex of animals, type of work, duration of 
work and site of wound) and the occurrence of wounds was studied.  
        Wounds were detected in 30.8% (249) of the investigated 
animals and all of them except four were infected with bacteria. 
Three–Hundred and twenty-two bacterial species were isolated. The 
isolates were identified as:  Rhodococcus spp (31.67%), 
Staphylococcus spp (31.05%), Micrococcus spp (12.11%), 
Corynebacterium spp (5.59%), Bacillus spp (4.96%), Streptococcus 
spp (92.79%), Actinomyces spp (2.79%), Pasteurella spp (1.86%), 
Pseudomonas spp (1.24%), Neisseria spp (1.24%), Acintobacter spp 
(0.93%), Fusobacterium spp (0.93%), Listeria spp (0.62%), Brucella 
spp (0.62%), Actinobacills spp (0.62%), Yersinia spp (0.62%) and 
Flavobacterium spp (0.31%).  
        Most isolates were found sensitive to gentamicin, 
chloroamphinicol, lincomycin and ofloxacin. Brucella abortus was 
resistant to all antibiotics. Rhodococcus equi was resistant to 
ampicillin and moderately sensitive to tetracycline.     
 v  
 
 
          The collected data reveled that 45.9% of the wounded donkeys 
were less than 8 old and 35.54% of them were wounded during 
summer. Most of the wounds were detected on the back of the animal 
(71.55%), followed by abdominal region (14.22%) and on the legs 
(11.5%). There was direct relation between the site of wound and type 
of work, and most of the wounded animals were either treated with 
traditional methods and drugs or didn’t receive any treatment. 
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CHAPTER ONE 
INTRODUCTION AND OBJECTIVES 
 
In the Sudan, the donkey belongs to the African Wild Ass, 
Asinus africanus (Hatenorth and Diller, 1986). The estimated number 
of them in the country was found to be more than 6 millions 
(Statistical Bulletin for Animal Resources, 2000). 
People who make benefit of their working ability maintain the 
great majority of donkeys.  A single donkey weighing 120-180 kg is 
capable of pulling draft load of about 20-30 kg for several hours. 
Greater force in excess of 40% of body weight can be exerted for short 
periods (Betker and Kutzbach, 1991). In Ethiopia, the average life of 
the working donkey is rarely over 12 years and can be as low as 8 
years (Sevendsen, 1994). 
Wounds are one of the important causes of reducing the ability 
of work. The causes of wounds are either dynamic agents or microbial 
agents. The dynamic agents are happening when the owner of the 
donkey pits the animal hardly and forces it to works for along time 
(10-12 hours daily). The Dynamic agent is being good media to cause 
infection by many infectious agents. Microbial agents cause either 
primary or secondary infection. Primary infections are dermatitis and 
dermatosis that is including Equine staphylococcal dermatitis, Equine 
nodular necrosis, Chronic pectoral and Subcutaneous abscesses 
(Blood, Henderson and Rodistity, 2000). 
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The secondary infections are systemic diseases, which affect the 
skin and include Glanders, Strangles, Fistulous withers, Chronic 
pectoral and vertical midline, Abscess in horses, Contagious acne of 
horse, Ulcerative lymphanagitis of horse and many other diseases 
(Blood et al., 2000).  
The importance of external wounds of donkeys was documented 
worldwide. In one study undertaken in Ethiopia, of 2,020 donkeys 
examined, 680 (33.7%) were found to have saddle sores (Yilma et al., 
1991).    
Epidemiological studies of skin infections of donkey are still 
lacking in the Sudan. The present study was carried out to investigate 
the occurrence of bacterial skin infections among donkeys in 
Khartoum State. 
OBJECTIVES: 
The objectives of the present study were: - 
 To estimate the incidence of external wounds 
of donkey in the State and their relation to 
different factors. 
 To isolate and identify bacteria that were 
associated with external wounds of donkey in 
Khartoum state.  
 To determine the sensitivity of the isolated 
bacteria to different antimicrobial agents. 
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CHAPTER TWO 
LITERATURE REVIEW 
2.1. The Donkey: 
2.1.1. Donkeys population and history: 
The donkey or Ass (Equus asinus) is originated from the wild 
Asses in Africa and Asia. In Africa there are two different species, the 
Nubian from the north between the Mediterranean coast and the 
Sahara desert, and the Somali from Far East to south of Red Sea 
(Camac, 2000). 
Donkeys have been employed as working animals for over 5000 
years. A well-preserved drawing from Egypt 4000 years ago shows a 
man walking with a loaded donkey (Clutton-Brock, 1992).                     
The estimated donkey population of the world ranged between 30 – 45 
million and tends to increase (FAO, 1995). It was reported that China 
is the country with the most working donkeys (11 million) followed by 
Ethiopia (5 million) (Fielding, 1991). The number of donkeys in 
Europe has been falling steadily from 3 millions in 1944 to fewer than 
million in 1994 (Soulsby et al., 2000). 
At 2000, the number of donkeys in the Sudan was estimated to 
be more than 6 millions. In Khartoum state in 1992 it was more than 
26000 and increased to more than 27000 in 1997 (table 1a). Their 
    4 
number was reported to be more than horses in Khartoum states (table 
1b) (Statistical Bulletin for Animal Resources, 2000). 
In Africa in particular, the geographical range of the donkey is 
spreading year by year. Very few data is available about donkey’s 
types and their distribution in the Sudan. A report considered only the 
Red Sea province showed the principle types of the donkey present 
and the indigenous varieties, which were referred to them as the 
African wild Ass; Asinus africanus subsp. africanus and taenopus 
(Hatenorth and Diller, 1986).  
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Table (1a): Population of Donkey in Khartoum State 
Region 1992 1997 
Omdurman 10487 11504 
Khartoum 1055 3360 
Khartoum north 15430 12787 
Total 26972 27651 
 
 
Table (1b): Population of equine in Khartoum State  
Year No. of animals 
1997 29091 
1998 29366 
1999 29641 
2000 29916 
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2.1.2. Economic importance: 
The importance of donkeys is steadily increasing in the Sudan 
as well as many other African countries, in which donkeys are 
increasingly being used for field operations (Hatenorth and. Diller, 
1986). 
In the Sudan, the donkey is rationally used in farms, and in the 
last 10 years there have been increase use of donkeys in towns as pack 
animals, delivering of milk, and carrying water. Hundreds of donkeys 
were drown up at the markets for the cart to be filled with fish; 
vegetables, fruits and eggs. 
In Khartoum, some governmental organizations such as 
Elshahid targeted donkeys as a source of income to poor families. 
The owners suffer when their donkeys fall ill or die, so the 
health of donkey will be of crucial importance. In almost all countries, 
donkeys suffer by being worked too young, or with damaged legs, or 
feet and dipped backs clearly illustrate this. Constant loads that are 
overweight affect these animals specially the older donkey, which is 
commonly under nourished (Soulsby et al., 2000).   
There are several national and international networks for animal 
traction and all types of working animals, including donkeys. 
Members of them were involved in the development, education and 
animal welfare. Among the more active animal traction networks in 
Africa is Animal Traction Network for Eastern and Southern Africa 
ATNESA (Starkey et al., 1994). 
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2.2. Bacterial diseases of equine skin: 
The major effects of skin disease in large animals are esthetic 
and economic. Diseases of the skin may be primary or secondary in 
origin. In primary skin disease, the lesions are restricted to the skin. 
On the other hand, cutaneous lesions may be secondary to disease 
originating in other organs. Differentiation between primary and 
secondary skin diseases should be attempted by evidence that organs 
other than the skin were affected. If there is no such evidence 
produced during a complete clinical examination of the patient, it is 
reasonable to assume that the disease is primary (Blood et al., 2000).  
2.2.1. Primary diseases of the skin (Dermatitis and 
Dermatosis): 
A primary disease is any disease of skin including those 
characterized by inflammation due to bacterial infection.  
2.2.1.1. Equine staphylococcal dermatitis: 
It is a serious disease of equine caused by Staphylococcus spp. 
The lesions are intractable to treatment and are so painful that the 
animal is hard to handle, and the presence of the lesions under harness, 
prevents the horse from working kindly. Staphylococcus hycus is the 
causative organism of scabby dermatitis, accompanied by itching and 
alopecia on the skin of the neck and back of donkeys and horses 
(Blood et al., 2000).   
Staphylococcus hycus is Gram-positive spheres that arrange in 
pairs and clusters; they are non-motile, non-sporing, aerobic and 
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facultative anaerobic, catalase positive, oxidase negative, attack sugars 
fermentively, coagulase positive, and aesculin hydrolysis negative. 
2.2.1.2. Seborrhea: 
It is an excessive secretion of sebum onto the skin surface. It 
occurs in large animals always secondary to dermatitis or other skin 
irritation e.g.: Greasy heel of horses, including infection with 
Staphylococcus hycus. It occurs mostly on the hind pasterns of horses, 
which are held continuously in wet unsanitary stables. Lameness and 
soreness to touch are due to excoriations. The skin is thick and greasy 
and if neglected it spreads around to the front and up the back of the 
leg (Blood et al., 2000). 
2.2.1.3. Folliculitis: 
It is the inflammation of hair follicles caused by supportive 
organisms including staphylococci. Identifiable forms of folliculate as 
individual disease include: 
- Staphylococcus dermatitis of horses caused by Staphylococcus 
equorum (Carter, 1999). 
- Contagious acne of horses (Blood et al., 2000). 
Sebaceous gland was blocked by secretion and epithelial debris. 
Cleaning the skin and antibacterial ointments or lotions treats 
folliculate. 
Staphylococcus equorum is Gram-positive spheres that arrange 
in pairs and clusters. It is non–motile, non–sporing, aerobic and 
facultative anaerobic, catalase positive, oxidase negative, attack sugars 
fermentively, coagulase negative and aesculin hydrolysis positive.  
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2.2.1.4. Lymphangitis: 
Lymphangitis is the inflammation of the lymph vessels, and 
usually associated with lymphadenitis. It is due in most cases to local 
skin infection with subsequent spread to the lymphatic system. It 
occurs in many disease conditions, which include: 
- Glanders.  
- Epizootic lymphangitis, sporadic lymphangitis, ulcerative 
lymphangitis due to Corynebacterium pseudotuberclosis. 
Corynebacterium pseudotuberclosis is Gram-positive rods, 
which, under most conditions of growth do not branch. It is non-
motile, non-sporing, non-acid fast, aerobic and facultative anaerobic. It 
is negative for catalase and oxidase, attack sugars fermentatively, 
produces beta hemolysis, and aesculin hydrolysis negative. 
- In foals, ulcerative lymphangitis is caused by Streptococcus 
zooepidemicus (Gaughan et al., 1988; Blood et al., 2000). 
Streptococcus zooepidemicus is Gram-positive spheres, which 
arrange in pairs or chains, non–motile, non–sporing, aerobic, and 
facultative anaerobic. Catalase negative, oxidase negative and attack 
carbohydrates fermentatively. 
2.2.1.5. Subcutaneous abscesses: 
Most subcutaneous abscesses are matters of purely local and 
esthetic concern, but if they are sufficiently extensive and active 
localized infections, they may cause mild toxemia. Their origins 
include: 
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- Trauma:  most subcutaneous abscesses are the result of 
traumatic agents. 
- Facial subcutaneous abscesses: a form of subcutaneous 
abscess containing Corynebacteruim pyogenes and Actinobacillus spp.   
Actinomyces pyogenes (Corynebacterium pyogenes) is Gram-
positive rods, branching, non-sporing, and non-acid fast, anaerobic, 
catalase negative and attack sugar fermentively. 
Actinobacillus spp is Gram-negative rods, non-motile, aerobic, 
catalase positive; oxidase positive and attack sugars fermentively 
without gas production. 
- Hematogenous: rarely the infection reaches the site via the 
blood stream e.g. chronic pectoral abscesses of horses. 
In all species, Yersinia pseudotuberclosis caused hematogenic 
abscesses. It is Gram-negative rods, non-motile, aerobic, catalase 
positive, oxidase negative and attack sugar fermentively. 
Infections in foals are caused by Rhodococcus equi, which result 
in sporadic disease that may become endemic in a farm. It is Gram-
positive spheres or rods, non–motile, non–sporing, aerobic, urease 
positive and not attacked sugars.  
2.2.1.6. Granulomatous lesions of the skin:  
Granulomatous lesions are chronic inflammatory nodules, 
plaques and ulcers. They are cold, hard, progress slowly and often 
accompanied by lymphangitis and lymphadenitis. 
The common conditions in horses are: 
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- Botryomycosis (bacterial pseudomycosis): results from 
bacterial infection at many sites often accompanied by a foreign body. 
Lesions on the lips, brisket and ventral abdomen develop to 
discharging sinuses, often containing small, yellow–white granules 
caused by Actinobacillus mallei.  
Actinobacillus mallei is Gram-negative rods, non–motile, 
aerobic, and facultative anaerobic. Catalase positive, oxidase positive 
and attack sugars fermentative with out gas production.     
- Cutaneous farcy (Glander). 
- Ulcerative lymphangitis: caused by Corynebactreium 
pseudotuberclosis 
- Painless mycetomes, which is caused by Actinomadina spp. 
and Nocardia brasilienses (Blood et al., 2000). 
2.2.1.7. Conjunctivitis of horses: 
It was caused by Moroxella egui (Misk, 1990 and Blood et 
al., 2000). It is Gram-negative rods, non–motile, aerobic, catalase 
positive, sugars are not attacked, and the growth is improved by 
addition of blood or serum. 
2.2.1.8. Thrush: 
Thrush is frog necro-bacillosis of lower limbs in horse. It is a 
result of poor management, lack of hoof care and standing in mud for 
long time (Bordalai et al., 1977; Reilly, 1995).  
The causative agent is Fusobacterium nerophorum. It is Gram-
negative rods, stained negatively with modified Ziehl-Nelseen and 
filamentous. 
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2.2.2. Secondary diseases of the skin: 
2.2.2.1. Glanders: 
It is a contagious acute or chronic disease of solipeds. Donkeys 
and mules develop usually the acute form. Nodules or ulcers in the 
respiratory tract and in the skin characterize the disease. The disease is 
fatal. It is caused by Pseudomonas mallei. It is restricted 
geographically to Eastern Europe, Asia Minor, Asia and North Africa. 
Glanders was an important disease of horse in cities and armies 
but now has sporadic occurrence, even in infected areas (Jenning, 
1963; Eitzen et al., 1999; and Blood et al., 2000).  
The disease is reported in Sudan, the last occurrence was 
reported in 1988 by FAO-WHO (Yagoub, 2003). 
Pseudomonas mallei is Gram-negative rods; non-motile, 
aerobic, catalase positive; oxidase positive, attack sugar by oxidation, 
and fluorescent, diffusible yellow pigment may be produced. 
2.2.2.2. Strangles (Equine Distemper): 
Strangle is highly contagious disease which affects horses of all 
ages, but is most common in young animals. The disease is worldwide 
in distribution and is one of the most important diseases of horses, 
because of the deaths and the disruption of the management of 
commercial horse establishments (Blood et al., 2000). 
Strangle is characterized by inflammation of the upper 
respiratory tract and abscessation in the adjacent lymph nodes. The 
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source of infection of strangles is the nasal discharge from infected 
animals, which contaminate the feed and water. In the Sudan, it was 
reported in the list of animal diseases in statistical Bulletin for Animal 
Resources (2000). 
It is caused by Streptococcus equi which is Gram-positive 
spheres arrange in pairs or chains; non–motile; non–sporing, aerobic, 
facultative anaerobic, catalase negative; oxidase negative and attack 
sugar fermentatively. 
2.2.2.3. Fistulous withers (F.W): 
Supra spinus bursitis is an inflammatory disease that affects 
equines commonly over the second thoracic spine (Sisson and Gross 
man, 1938). This bursa appears to the starting point of F.W., which 
may be acute or chronic (Adams, 1974) .F.W is originally a bursitis 
and now commonly called F.W (Wilbur, 1903). The disease was 
reported in horses (Wilbur, 1903). Several workers were reported 
(Williams, 1908, Davis, 1922, Fitch, 1932, and Duff, 1936). All ages 
of both sexes are susceptible to infection (Gaughan et al., 1988). 
They are many causative agents: 
- Brucella abortus 
Duff (1936) reported that Brucella abortus was isolated from 
80% of F.W samples. Cosgrove (1961) showed that 10.5% of sera 
collected from animals suffering from F.W were positive for 
antibodies against Brucella abortus. Thornton et al. 1980 reported the 
positive relationship between Complement Fixation Test (C.F.T) and 
Brucella abortus commonly present with Actinomyces bovis in F.W. 
Brucella abortus often found in chronic bursa enlargements as a 
secondary invader (Blood et al., 2000).  
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Brucella abortus is a short, Gram-negative rods, non-motile, 
aerobic, acid fast, catalase positive, oxidase positive, urease positive 
and attack sugars by oxidation.  
- Actinomyces spp:  
It was isolated from horse with F.W. (Kimball and Frank, 1945) 
and Roderick et al. (1948) were reported that Brucella abortus and 
Actinomyces bovis were isolated routinely from affected horses. The 
current literatures cite A. bovis and B. abortus as the most likely 
causative agents of F.W (Blood et al., 2000). 
It was found that Actinomyces viscosus could also cause the 
disease (Davenport et al., 1974). 
Actinomyces spp is Gram–positive rods, non-motile, non-
sporing; not acid fast, aerobic, catalase negative and attack sugars 
fermentatively.  
- Streptococcus zooepidemicus: 
It was isolated by Gaughan et al. (1988) in 82% horses with 
F.W. Streptococcus zooepidemicus is Gram–positive spheres which 
arrange in pairs or chains; non-motile; non–sporing, aerobic; catalase 
negative and oxidase negative. It attacks carbohydrates fermentatively.  
- Staphylococcus aureus: 
It was isolated from discharging F.W. of horse (Thornton et 
al., 1981).  Staphylococcus aureus is Gram–positive, spheres in pairs, 
non-motile, non-sporing aerobic, catalase positive; oxidase negative, 
attack sugars fermentatively and coagulase positive. 
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- Actinomycetes: 
Encompass many genera but Actinomyes spp; Nocardia spp, 
Streptomyces spp and Dermatophilus spp are of clinical significance. 
They can be separated into broad groups based on morphological and 
chemical criteria (Kimball and frank 1945; Slack, 1974; Slack and 
Gerencser, 1975; Hammed et al., 1998; Blood et al., 2000; Elzein et 
al., 2002). Actinomyces spp is Gram–positive, aerobic, lightly, 
oxidative, form extensive branching substrate and aerial mycelia 
(Williams et al., 1983).  
2.2.2.4. Chronic pectoral and ventral midline abscess in 
horses: 
In California and Texas (USA), Corynebacterium 
pseudotuberclosis infection has been associated with a high regional 
prevalence of chronic abscessation in horses. Cases occur in a region 
where caseous lymphadenitis is common in horse.  
There are external and internal abscesses, external abscesses 
occur in variety of areas on the body in the majority of cases in 
pectoral, auxiliary and ventral midline regions, on other hand internal 
abscesses occur at a variety of sites but predominantly in the liver and 
can occur in horses with no external abscesses (Blood et al., 2000). 
2.2.2.5. Ulcerative lymphangitis of horses: 
It is mildly contagious disease of horses characterized by 
lymphangitis of the lower limbs followed by invasion of lymphatic 
vessels and the development of the abscesses along their course. 
Lymph node involvement is unusual. Corynebacterium 
pseudotuberclosis causes the classical disease (Khater et al., 1983). 
Similar lesions may be due to infection with Streptococci, 
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Staphylococci, Rodococcus equi (Bain, 1963) and Pseudomonas 
aeruginosa  (Blood et al., 2000).   
2.2.2.6. Contagious acne of horse: 
It is referred to as Canadian Horse Pox, Contagious pustule 
Dermatitis. Contagious acne of horse is characterized by the 
development of pustules, particularly where the skin comes in contact 
with harness. Corynebacterium pseudotuberclosis is the specific 
cause. The affected horse was not able to works. 
Infection of the hair follicles leads to local suppuration and the 
formation of the pustules, which rupture and contaminate surrounding 
skin area. Affected animals should be rested until all lesions are healed 
(Blood et al, 2000). 
2.2.2.7. Septicemic pasteurellosis: 
There is a report of a fatal septicemia in horses and donkey in 
India, in which Pasteurella multocida appeared to be implicated as the 
causative agent (Pavri, 1967). The disease results in oedema of the 
limbs. Foals are more seriously affected and may show dyspnoea 
(Carter, 1999, Blood et al, 2000). 
Pasteurella multocida is Gram-negative rods; non–motile, 
aerobic, catalase positive; oxidase positive and attacks sugars by 
fermentation without gas production. 
2.2.2.8. Actinobacillosis (Sleepy Foal Disease): 
Causative agent is Actinobacillus equuli. The infection is 
limited to horses and, although newborn foals are the most susceptible 
age group. The organism is isolated from blood or joint fluid (Blood et 
al., 2000). 
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Actinobacillus equuli is Gram-negative rods, non–motile, 
aerobic, catalase and oxidase positive and attack sugars 
fermentatively. 
2.2.2.9. Listeriosis: 
The causative agent Listeria monocytogense spreads widely in 
nature and has characteristics that allow its survival and growth in 
wide variety of environment. It causes septicemic disease, which 
occurs in horses (Blood et al., 2000). 
Listeria monocytogense is Gram–positive rods, motile, non-
sporing; non-acid fast, aerobic, catalase positive, oxidase negative and 
attack sugars fermentively. 
2.2.2.10. Nocardiosis: 
It is a chronic progressing disease characterized by suppurating 
granulomatous lesions. In domestic animals, the causative agent is 
Nocardia asteroids while in human the causative agent is N. 
brasillensis (Hamid et al., 2001). 
Nocardia spp is Gram–positive rods and filaments, non-motile, 
aerobic, catalase positive and attack sugars by oxidation.  
2.2.2.11. Streptococcus equismillis infection:  
One of the bacteria commonly isolated from skin and vagina 
scrab. It was also isolated from the upper respiratory tract of clinically 
normal horses (Carter, 1999). 
Streptococcus equismillis is Gram–positive spheres in pairs or 
chains; non–motile, non–sporing, aerobic, catalase and oxidase 
negative and attacks sugars fermentatively.     
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2.3. Non-pathogenic bacteria 
Many non-pathogenic bacteria were isolated from wounds of 
different animals. 
2.3.1.  Acintobacter spp:  
It is a part of normal flora. It can cause nosocomial infection 
in animals and human (Carter, 1999). 
Acintobacter spp is Gram–negative cocobacilli or short rods, 
aerobic, non–motile, catalase positive, oxidase negative and attack 
sugars by oxidation or not at all. 
2.3.2. Flavobacterium spp: 
It is widely spread in soil and water. It can cause nosocomial 
infection in animals and human. 
Flavobacterium spp is Gram-negative rod, non–motile, 
aerobic, catalase positive; oxidase positive, colonies have a yellow 
colour. Sugars attacked slowly by oxidation or not at all (Carter, 1999) 
2.3.3. Micrococcus spp: 
It is commonly encountered in routine laboratories either as 
an environmental contaminant or as a commensal from normal skin 
(Barrow and Feltham, 2003). 
 Micrococcus spp is Gram–positive spheres in pairs; non–
motile; non–sporing, aerobic, catalase positive and attack sugars 
oxidatively or not at all (Carter, 1999).   
 
 
    19 
2.3.4. Bacillus spp: 
Most species of Bacillus are saprophytes widely distributed in 
air, soil and water. The majorities of species of Bacillus spp have no 
pathogenic potential but can occur as contaminants on laboratory 
media.  
Bacillus spp are rods typically Gram–positive in young 
cultures; motile (non–motile forms occur), non-acid fast, produce 
spores, aerobic, catalase positive and oxidase variable. Some of them 
attack sugars. Most of them grow in nutrient agar but do not on 
MacConkey agar (Carter, 1999). 
3.4. Treatment: 
  Wounds should be treated properly to ensure good and quick 
healing. The hair coat in wounded area should be removed. The 
affected area is then washed with mild skin antiseptic solution. Local 
(antibacterial ointment) and systemic (broad spectrum antibacterial) 
administration of antibacterial is followed. Affected animals should be 
rested until all lesions are healed. The nutritional defeciency of poorly 
nourished animals should be corrected.      
      Non–steroidal anti-inflammatory, corticosteroids, or     
antihistamines can be administered parentrally and adequate levels 
should be maintained. To avoid septicemia, the prophylactic 
administration of antibiotics may be worthwhile in some instances. 
 In case of glanders treatment is not effective (Blood et al., 
2000; Soulsby et al., 2000).   
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2.5. Control: 
   In general, for the control of skin diseases the following is 
recommended (Blood et al., 2000 and Soulsby et al., 2000): 
 Good feed. 
 Supportive care. 
 Insuring good hygiene.     
 Prognosis will be good, if affected animals are treated 
early. 
 Vaccination may reduce the case attack rate and the 
severity of diseases. 
 Control of glanders is by condemnation of clinically 
affected animals detected by serological or mullein tests. 
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CHAPTER THREE 
MATERIALS AND METHODS 
3.1. Study area: 
The fieldwork was carried-out in Khartoum State. Selected 
areas in the State, which represent donkey-gathering sites, namely 
Azhari, Soba, Elgerif garb, Pori, Dar-Elsalam, Angola, Ombada, 
Elthora, Hay-Elarab, Mabroka, Elshabi market, Elbaraka, El-ezba, El-
Samrab and Omderioha, were included in the study. 
3.2. Animals: 
Eight hundred and eight donkeys were investigated for the 
presence of external wounds during the period between May 2003 and 
October 2004.  
3.3. Collection of samples:  
Tow-hundred and forty-five samples were collected from 249 
donkeys suffering from external wounds. Sterile swabs were used for 
collection of samples from the inside of the wounds. Swabs were then 
placed in sterile tubes, preserved at 4°C and transported to the 
laboratory within 4-6 hours.  
3.4. Bacteriological investigation: 
3.4.1. Culture media: 
3.4.1.1. Nutrient agar (Oxoid): 
Nutrient agar was prepared by dissolving 28 g of powder in 
1000 ml of distilled water by heating. The pH was adjusted to 7.4 and 
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the medium was then sterilized by autoclaving at 121 °C For 15 min 
and poured in 15 ml amounts into sterile plates. 
3.4.1.2. Nutrient broth (Oxoid): 
Nutrient broth medium was prepared by dissolving 13 g of 
nutrient broth powder in 1 liter of distilled water by heating. The pH 
was adjusted to 7.3-7.4 then the medium was sterilized by autoclaving 
at 121°C for 15 min and poured in 15 ml amounts into sterile tubes 
covered by cotton. 
3.4.1.3. Blood agar (Oxoid): 
Blood agar was prepared by dissolving 40 g of blood base 
powder in 900 ml of distilled water by heating. The pH was adjusted 
to 7.4 then sterilized by autoclaving at 121 °C For 15 min. After 
cooling to 45 °C, the medium was mixed with 100 ml sheep blood and 
aseptically poured in 15 ml amounts into sterile plates. 
3.4.1.4. MacConkey agar (Oxoid): 
MacConkey agar was prepared by dissolving 30 g of powder 
in 1 liter of distilled water by heating. The medium was then sterilized 
by autoclaving at 121°C for 15 min and poured in 15 ml amounts into 
sterile plates. 
3.4.1.5. Peptone water (Oxoid):  
Peptone water was prepared by dissolving 10 g of peptone 
and 5g NaCl in 1 liter of distilled water. The pH was adjusted at 7.2- 
7.4 then sterilized at 121 °C for 15 min. the medium was then poured 
in 15 ml amounts into sterile tubes. 
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3.4.1.6. Peptone water sugars 
Nine hundred of peptone water was prepared and its pH was 
adjusted to 7.1- 7.3, then 10 ml of indicator (Andrade’s indicator) were 
added and the medium was sterilized by autoclaving at 121 °C for 15 
min. Ten gram of the appropriate sugar were dissolved in 90 ml of 
water, sterilized by steaming for 30 min and added aseptically to the 
peptone water with the indicator and distributed into sterile test tubes.  
3.4.2. Cultivation of samples: 
Samples were streaked on fresh blood agar plates, which were 
incubated aerobically at 37°C for 1-2 days. Further incubation was 
continued for 72 hours, before the plates were discarded as negative. 
3.4.3. Purification and storage of isolates: 
Isolated bacteria were purified by repeated subculture on 
blood agar plates and incubated as previously described. The purified 
bacteria were stored for long period on blood agar slopes and kept at 
4°C. For maintaining the viability, subculture was repeated at every 3 
months intervals.  
3.5. Identification of isolates: 
Identification of isolates was carried out according to Barrow 
and Feltham (2003). 
3.5.1. Microscopic Examination: 
Smears were prepared from the specimens by placing a small 
amount of each sample on a clean microscope slides using a sterile 
loop. The contents were smeared over the surface, and dried by 
passing through a flame smear side up quickly. The fixed smears were 
then stained by Grams-stain (Barrow and Feltham, 2003). 
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The stained smears were then examined microscopically. 
gram-negative was stained by Modified Zeilh-Nelseen stain (Berd, 
1973). 
3.5.1.1. Gram stain: 
The fixed smears were flooded with crystal violet for 1 min, 
then washed on water. Lugol’s iodine was applied for 1 min and the 
smear was washed again with water. The smear was decolorized with 
a few drops of ethanol for 15 sec. and washed immediately and 
thoroughly in water. The smear was counterstained with dilute carbol 
fuchsin for 1 min, washed in water and dried with filter paper. It was 
investigated under oil-emersion lens of light microscope Gram-
positive bacteria stained violet while Gram-negative bacteria stained 
red. 
3.5.1.2. Modified Ziehl-Nelseen stain (MZN): 
The fixed smears were flooded with dilute carbol fuchsin for 
5 min, and then washed well in water. They were decolorized with 
acetic acid for 15 sec. then flooded with methylene blue for 2 min. 
washed in water and dried. Brucella abortus appeared as red bright 
coccobacilli in a blue background. 
3.5.2. Primary Biochemical Tests: 
3.5.2.1. Catalase test: 
A drop of 3% of hydrogen peroxide was placed on a clean 
glass slide (Barrow and Feltham, 2003). A loop–full of the bacterial 
culture under test was then placed in the drop of H2O2 using a glass 
rod, evolution of gas indicated positive result. 
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3.5.2.2. Oxidase test: 
Commercial oxidase paper (Himedia) was used. Oxidase 
paper was moistened in a petri dish with normal saline. Colonies of 
one isolate was smeared across the surface with a glass rod. A dark 
purple colour along the streak line within 10 seconds indicated 
positive reaction. 
3.5.2.3. Oxidation / Fermentation (O/F) test: 
This test was used to determine the way by which the 
bacterium attacks a carbohydrate (by fermentation or by Oxidation). 
The test performed by growing the bacterium in two tubes of Hugh 
and Leifsons’ medium (Barrow and Feltham, 2003). The medium in 
one tube was covered with layer of sterile paraffin oil. The inoculated 
tubes are then incubated at 37°C and examined in 24 hours and then 
daily for up to 14 days. When the two tubes were green, the result was 
negative. When the open tube was yellow and the sealed tube was 
green, the result was oxidative. When the two tubes were yellow, the 
result was fermentative. 
3.5.2.4. Motility test: 
O/F medium was used to investigate the motility. The media 
was inoculated by stabbing. Appearance of growth beyond the 
stabbing line indicate motile organism.  
3.5.2.5. Growth on MacConkey agar: 
The isolate under test were streaked on MacConkey agar and 
incubated at 37°C for 24-48 hours. Appearance of colonies indicated 
the growth in bile salts. 
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3.5.3. Secondary Biochemical Tests: 
3.5.3.1. Aesculin hydrolysis: 
Aesculin agar medium was used (Barrow and Feltham, 2003). 
It was inoculated with the isolates under test and incubated 37°C for 2-
3 days. The development of dark brown colonies on medium, seen 
under woods lamp, was regarded a positive result. 
3.5.3.2. Nitrate reduction: 
Nitrate broth was used (Barrow and Feltham, 2003). The 
medium was inoculated by the organism under test and incubated at 
37°C for 24 hours. 1 ml of reagent A (8% sulphanamic acid was 
dissolved in 5 N-acetic acid by gentle heating) was added followed by 
1ml reagent B (6% dimethyl naphthlamine and 5 N-acetic acids) the 
mixture were shacked. Development of red colour indicated the 
reduction of nitrate to nitrite 
3.5.3.3. Urease test: 
Urea agar was used (Barrow and Feltham, 2003). It was 
inoculated with organisms under test and incubated at 37°C for 24 
hours. The development of the red colour indicated the positive result 
as urease splits urea with formation of ammonia, which increases the 
pH changing the colour of the indicator into red.  
3.5.3.4. Coagulase test: 
Plasma of rabbits or human was used. Plasma contains 
fibrinogen that is converted into fibrin by the staphylococcal coagulase 
enzyme. 
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A loopfull of the staphylococcal culture is emulsified in a drop 
of water on microscope slide. A loopfull of rabbit plasma or human 
plasma was added and mixed well with the bacterial suspension. The 
slide was rocked and clumping within 1-2 minutes indicated a positive 
reaction. 
3.5.3.5. Voges Proskauer reaction (VP) test: 
The isolate under test was inoculated in test tube or screw-
capped bottles containing glucose phosphate peptone water (Barrow 
and Feltham, 2003) and incubated at 37 °C for 1-2 days.  0.2 ml of 
40% KOH and 0.6 ml of 5% alpha-naphthol solution were added to 1 
ml of each culture. Shacked and the tubes were placed in sloped 
position and examined after 10min. strong red colour indicated a 
positive result. 
3.5.3.6. Indole test: 
Peptone water was inoculated with the isolate under test and 
incubated at 37°C for 48 hours. Kovacs` reagent was added carefully 
along the inner side of the test tube (Barrow and Feltham, 2003). The 
development of red ring on the surface of the culture indicated the 
positive result. 
3.5.3.7. Gelatin liquefaction:  
Nutrient gelatin was used (Barrow and Feltham, 2003).It was 
inoculated by stabbing and incubated at 37°C for 1-14 days. The 
positive result was indicated by the failure of the culture to gelatinate 
at 4°C. 
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3.5.3.8. Acid production from carbohydrates: 
Peptone water sugar (glucose, lactose, maltose, mannitol, 
sucrose, xylose, raffinose, salicin and sorbitol) medium was used. It 
was inoculated with the organism under test, incubated at 37°C, and 
examined daily for up to 7 days for acid production. Development of 
red colour indicated positive result. 
3.5.3.9. Hemolytic ability: 
The organism was tested for its ability to heamolyse RBCs by 
streaking on blood agar. It was incubated at 37°C for 24 hours. 
Development of colorless zones around the colonies indicated positive 
reaction. 
 3.6. Antibiotic susceptibility tests: 
Forty-five isolates representing the isolated bacteria were 
subjected to antibiotic sensitivity testing. The standard disk method 
was used. The isolate under test was transferred to tube containing 5 
ml of nutrient broth and incubated at 37°C for 24 hours (Barrow and 
Feltham, 2003). A sterile swab, dipped into the suspension of the 
bacterial growth, was used to streak the entire surface of nutrient agar. 
Different antibacterial agents were used for Gram-positive and 
Gram-negative isolates. Six antibacterial drugs namely Tetracycline 
30mcg, Ampicillin 20mcg, Co.Trimoxazole 25mcg, Gentamicin 
10mcg,  Amikacin 20mcg, Chloroaphenicol 30mcg, Lincomycin 
2mcg, Ofloxacin 5mcg and Cefotoxime 5mcg were used for Gram-
positive bacteria. Six antibacterial drugs namely Amikacin 20mcg, 
Tetracycline 30mcg, Ampicillin 20mcg, Co.Trimoxazole 25mcg, 
Gentamicin 10mcg, Chloroaphenicol 30mcg, Cloxacilline 5mcg and 
Cefotoxime 30mcg were used for Gram-negative bacteria. 
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Then antibiotic disks were placed onto the agar surface 2 cm 
apart from each other using sterile forceps. The plate was then 
incubated at 37°C for 16-28 hours (Winstanley et al., 1994). 
The developed zones of growth inhibition were measured in 
millimeter. The isolates were then reported as susceptible, moderate, 
or resistant according to the size of inhibition zone (National 
Committee for Clinical Laboratory Standards, 1997; Quinn et. al., 
1999). 
3.7. Sterilization procedures: 
Test tubes, flasks, plates, and bottles were sterilized by dry 
heat at 170°C for 1 hour. Media, discarded cultures and plastic 
containers were sterilized by autoclaving at 121C for 20 min.  
3.8. Collections of data: 
Needed data were collected using a questionnaire (Appendix 
A). All data were analyzed by SPSS analyzing system. 
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CHATER FOUR 
RESULTS 
4.1. Survey: 
In this study, donkeys in Khartoum state were investigated for the 
presence of wounds. The study estimated the percentage of wounded 
animals, investigated the role of bacteria as primary or secondary cause 
and studied the role of different factors in exposing the animals to 
wounds.   
Collected data were analyzed by SPSS and results were presented 
with the aid of tables and figures. 
4.2. Affected animals:  
The number of investigated animals was 808 donkeys; all were 
males except two. Wounds were detected in 249 donkeys (30.8%) (Figure 
1). Most wounds were superfacial except few deep ones.  
4.3. Relation between wounds & some factors: 
4.3.1. Study area: 
Results are shown in table (2). Most of the investigated animals 
were from Omdurman area (47.65%). However, the highest percentage of 
wounded animals was detected in Khartoum North (54.14%).  
4.3.2. Age: 
Results are shown in table (3). Wounded animals represented 
45.9% of animals less than 8 years of age, 28.3% of animals between 8- 
16 years of age and 17.9% of animals between 16- 24 years of age. 
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Although most investigated animals aged between 8-16 years, the highest 
percentage of wounded animals were less than 8 years of age. 
4.3.3. Site of wound:  
Results are shown in figure (2). Wounds were detected at four 
sites, the head, the back, the abdomen and at the legs. The most affected 
site was the back of the animals (71.55%). 
4.3.4. Season of the year:  
Results are shown in table (4). The study was carried out during 
summer, rainy and winter seasons. The percentages of affected animals 
were 35.54%, 23.91% and 27.43% in summer, rainy and winter 
respectively. 
4.3.5. The veterinary service:  
Veterinary service was available for only 34.9% of investigated 
animals of which 23.40% were wounded, where as it was not available 
for 65.1% animals of which 34.79% were wounded (Figure 3). 
4.3.6. Type of work: 
The investigated animals were used for carrying water, 
passengers or both and also for carrying milk. Most investigated animals 
were used for carrying water (table 5). The highest percentage of 
wounded animals was found in the group which carrying passengers 
(47.79%) (figure 4). 
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4.3.7. Duration of work: 
Results were shown in figure (5). Most of investigated animals 
were enforced to work more than 7 hours a day (715 donkeys, 88.49%). 
In this group, 32.45% were wounded. 
4.3.8. Type of treatment of wounded donkeys: 
Results are shown in table (6). Wounded animals were either 
treated by owners (using traditional drugs), treated by antimicrobial drugs 
(with Veterinary officer or with owners) or received no treatment. Treated 
animals were visited twice to record the outcome of treatment. 
Traditional drugs and methods were used to treat most wounded 
animals (59.8%). 
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Table (2): Site and number of investigated donkeys in 
Khartoum state. 
 
Location Investigated 
Donkeys 
Wounded 
donkeys 
Percentage of 
wounded animals  
1/Khartoum North    
Elsamrab+Omderioha 56 25 44.64% 
ELbaraka 54 27 50% 
EL ezba 23 20 86.95% 
Total 133 72 54.13% 
2/Omdurman    
 Hay Elarab 80 11 13.75% 
 Mabroka 80 14 17.5% 
 Dar Elsalam 10 6 60% 
 Ombada 50 15 30% 
 Elshabi market 45 6 13.3% 
 Angola 120 4 3% 
Total 385 56 14.54% 
3/Khartoum    
 Elgerif garb 70 3 4.2% 
 Pori 50 0 0% 
 Soba aradi+Azhari 160 118 73.75% 
Total 280 121 43.21% 
Total number of 
investigated animals 
808 249 30.8% 
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Table (3): The age range of investigated animals in the study 
 
Table (4): The percentage of wounded animals during 
different seasons of the year.  
 
 
 
 
 
 
 
 
 
 
Age range 
 
No. of investigated 
Donkeys 
No of wounded 
donkeys 
Percentage of 
wounded 
donkeys 
Less than 8 years 137 63 45.9% 
8- 16 years 632 179 28.3% 
16- 24 years 39 7 17.9% 
Season of the 
year 
No. of investigated 
animals 
No of 
wounded 
animals 
Percentage of 
wounded animals in 
that season  
Summer 377 134 35.54% 
Rainy 92 22 23.91% 
Winter 339 93 27.43% 
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Figure (1) Frequency of wounds in investigated donkeys in 
Khartoum state. 
+Ve: wounded animals 
-Ve: non-wounded animals 
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Figure (2) Sites of wound on investigated animals 
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Table (5): The effect of type of work on the occurrence of 
wounds on the investigated animals. 
Table (6): Outcome of treatment of wounded animals 
 
 
 
 
 
 
 
 
 
 
Type of work 
 
No. of 
investigated 
animals 
No of 
wounded 
animals 
Percentage of 
wounded animals 
in every type  
Water 332 52 15.66% 
 Passenger 230 119 51.73% 
Water+ Passenger 126 73 57.93% 
Milk 120 5 4.16% 
 
Type of treatment 
 
No. Of 
wounded 
Donkeys 
Number 
of healed 
Donkeys  
Percentage of 
healed 
Donkeys 
Traditional treatment 112 67 59.8% 
Treated by drugs 37 23 62.2% 
No treatment 100 32 32% 
Total 249 122 49% 
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Figure (3) Availability of veterinary service to investigated 
animals. 
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Figure (4) The effect of type of work on the occurrence of 
wounds on the investigated animals. 
 
 
 
 
 
 
 
  -  40 
 
 
 
 
 
 
wound
-ve+ve
N
o.
 
O
f a
n
im
a
ls
600
500
400
300
200
100
0
duration of work
<7 hours
>7 hours
 
   
 
 Figure (5) Duration of work carried out by investigated 
animals. 
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4.4. Isolation and identification of the bacterial agents: 
Two hundred and forty-nine samples from wounded animals 
were investigated bacteriologically. Bacteria were isolated from 245 
samples and 322 isolates were recovered.  
The isolates represented 17 different genera (Table 7). The most 
frequently isolated bacteria were Rodococcus spp (31.68%), 
Staphylococcus spp (31.06%), and Micrococcus spp (12.11%). 
Different bacterial species were isolated (Table 8). Rodococcus 
equi was the most frequency isolated species.  
Isolated Staphylococcus spp include Staphylococcus equorum, 
Staphylococcus aureus and Staphylococcus hycus. 
Isolated Micrococcus spp include Micrococcus varians and 
Micrococcus roseus. 
Isolated Corynebacterium spp include Corynebacterium 
pyogenes (Actinomyces pyogenes), Corynebacterium pseudotuberclosis 
and Corynebacterium hemolytica. 
Isolated Bacillus spp include Bacillus mycoides the only species 
isolated in the genus.  
  Isolated Streptococcus spp include Streptococcus dysgalactiae 
equismillus, Streptococcus equi subsp equi and Streptococcus equi subsp 
zooepidemicus.  
 Isolated Actinomyces spp include Actinomyces bovis and 
Actinomyces viscosus. 
   Isolated Pasteurella spp include Pasteurella haemolytica 
(Manhaenia haemolytica) and Pasteurella multocida. 
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   Isolated Pseudomonas spp include Pseudomonas mallei and 
represented the only species isolated in the genus.  
Isolated Neisseria spp include Neisseria lactamica and 
represented the only species isolated in the genus.  
  Isolated Fusobacterium spp include Fusobacterium nerophorum 
and represented the only species isolated in the genus.  
Isolated Acinetobacter spp include Acinetobacter anitratus and 
represented the only species isolated in the genus.  
Isolated Yersinia spp include Yersinia pseudotuberclosis and 
represented the only species isolated in the genus.  
  Isolated Actinobacillus spp include Actinobacillus equuli and 
represented the only species isolated in the genus.     
Isolated Brucella spp include Brucella abortus and represented 
the only species isolated in the genus.  
Isolated Listeria spp include Listeria monocytogenes and 
represented the only species isolated in the genus.  
Isolated Flavobacterium spp include Flavobacterium 
indolegenes and represented and represented the only species isolated in 
the genus.  
  Biochemical characteristic of the different isolated bacteria were 
illustrated in Appendix (B). 
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Table (7): Isolated bacteria from wounds of donkeys in the 
study. 
      
Organism Total number 
of isolates 
Frequency of 
organisms (%) 
Rhodococcus spp 102 31.68% 
Staphylococcus spp  100 31.06% 
Micrococcus spp 39 12.11% 
Corynebacterium spp 18 5.59% 
Bacillus spp 16 4.97% 
Streptococcus spp 9 2.80% 
Actinomyces spp 9 2.80% 
Pasteurella spp 6 1.86% 
Pseudomonas spp 4 1.24% 
Neisseria spp 4 1.24% 
Fusobacterium spp 3 0.93% 
Acinetobacter spp  3 0.93% 
Listeria spp 2 0.62% 
Actinobacillus spp 2 0.62% 
Yersinia spp 2 0.62% 
Brucella spp 2 0.62% 
Flavobacterium spp  1 0.31% 
    
Table (8): Different bacterial species isolated from wounds of 
Donkeys in the study. 
Organism Total number of isolates 
Frequency of 
organisms  
(%) 
 Rodococcus equi 102 31.68% 
Staphylococcus equorum  50 15.53% 
Staphylococcus aureus 33 10.25% 
Micrococcus varians 22 6.83% 
Staphylococcus hycus 17 5.28% 
Micrococcus roseus 17 5.28% 
Bacillus mycoides 16 4.97% 
Actinomyces pyogenes 9 2.80% 
Corynebacterium pseudotuberclosis 9 2.80% 
Streptococcus equi 5 1.55% 
Pasteurella multocida 5 1.55% 
Actinomyces bovis 5 1.55% 
Actinomyces viscosus 4 1.24% 
Pseudomonas mallei 4 1.24% 
Neisseria lactamica 4 1.24% 
Streptococcus zooepidemicus 3 0.93% 
Acientobacter anitratus 3 0.93% 
Fusobacterium nerophorum 3 0.93% 
Brucella abortus 2 0.62% 
Actinobacillus equuli 2 0.62% 
Yersinia pseudotuberclosis 2 0.62% 
Listeria monocytogenes 2 0.62% 
Flavobacterium indolegenes 1 0.31% 
Streptococcus equismillus 1 0.31% 
Manhaenia haemolytica 1 0.31% 
 
 
 
    
4.5. Sensitivity test: 
Forty-five isolates representing the recovered bacteria were 
subjected to antibiotic sensitivity test and results are shown in table (9), and 
figures 6, 7, 8, 9 and 10. 
Most of isolates were found sensitive to gentamicin, 
co.trimoxazole, and chloroamphenicol. Most of isolates were found 
resistant to ampicillin and showing varying degree of susceptibility to 
tetracycline.  
Brucella abortus was resistant to all tested antimicrobials. 
Rodococcus equi, the most frequently isolated bacteria, was found sensitive 
to co.trimoxazole, gentamicin and ofloxacin, moderately sensitive to 
tetracycline and resistant to ampicillin. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
0 
Table (9) Sensitivity test of isolates to different antibacterial drugs                                 
 
Organism 
Amikacin 
20 mcg 
Tetracycline 
30 mcg 
Ampicillin 
20 mcg 
Co.Trimoxazole 
25 mcg 
Gentamicin 
10 mcg 
Chloronphenicol 
30 mcg 
Lincomycin 
2 mcg 
Ofloxacin 
5 mcg 
Cefotoxime 
30 mcg 
Cloxacilline 
5 mcg 
Fusobacterium nerophorum S S R S S S - - - - 
Pseudomonas mallei S M M S S S - - - - 
Staphylococcus hycus - M R S S - S S - - 
Micrococcus varians - R R S S - S - M - 
Actinomyces bovis S M R S S S - - - - 
Streptococcus Equi S R R S S S - - - - 
Actinobacillus equuli - M R R S S - - S S 
Corynebacterium pseudotubrclosis - M R S S - S M - - 
Staph.equorum - M R S S - S S - - 
Rhod.equi - M R S S - - S - - 
Strep.equismillus - M R S S - S S - - 
Staph.aureus - S R S S S - S - - 
Past.mutocida - S S S S S - - - M 
Brucella abortus R R R R R R - - - - 
Yersinia spp R R R R S S - - - - 
Key:    (R) Resistant,  (S) Sensitive     and       (M) Moderate      (-) Not tested  
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Figure (6): Sensitivity test of Streptococcus equismillus to 
different antibacterial drugs. 
 
 
 
 
 
 
    
 
 
 
Figure (7): Sensitivity test of Pseudomonas mallei to different 
antibacterial drugs. 
 
 
 
 
 
 
 
 
    
Figure (8): Sensitivity test of Rhodococcus equi to 
different antibacterial drugs. 
 
    
 
 
Figure (9): Sensitivity test of Actinomyces bovis to 
different antibacterial drugs.  
 
    
 
Figure (10): Sensitivity test of Fusobacterium 
nerophorum to different antibacterial drugs. 
 
    
4.6. Skin diseases of donkeys in Khartoum state:  
In this study, skin diseases were classified as primary and secondary 
diseases according to Blood et, al. (2000).  
The study revealed that 59.44% of infected donkeys were suffered 
from primary wound infection. Most of the affected animals in this 
category were suffered from subcutaneous abscesses (35.09%) (Table 10). 
Secondary wound infection accounted for 20.48% of infected 
animals. Most of the affected animals were suffered from fistulous withers 
(14.60%) (Table 11). 
Non-pathogenic bacteria (Micrococcus spp, Acintobacter spp, 
Flavobacterium spp and Bacillus spp.) were isolated from 18.32% cases in 
the study.  
Some isolated bacteria (Manhaenia haemolytica and Neisseria 
lactamica) were recovered from 1.55% of infected animals, which were not 
classified in Blood et, al. (2000) in the above groups.  
 
 
 
 
 
 
 
 
 
 
 
    
Table (10): Primary skin diseases of donkeys in Khartoum 
state. 
 
 
     Table (11): Secondary skin diseases of donkeys in 
Khartoum state. 
  
 
 
 
 
 
 
                                 
                                
                                            
 
                      Primary skin diseases 
Frequency 
(%) 
 Equine staphylococcal dermatitis and Sebrrhea 5.28% 
  Folliculitis 15.53% 
 Subcutaneous abscesses 
35.09% 
  Thrush 0.93% 
  Lymphangitis 2.79% 
  Total of primary diseases 59.44% 
             Secondary skin diseases 
Frequency 
(%) 
 Glanders 1.24% 
 Strangle 1.55% 
 Fistulous withers 14.60% 
 Sleepy foal disease  0.62% 
 Listeriosis 0.62% 
 Pasturellosis 1.55% 
 Streptococcus equismillus infection 0.31% 
Total of secondary diseases 20.48% 
    
CHAPTER FIVE 
 Discussion 
Donkeys in the Sudan, in both rural and urban areas play very 
important role in supporting poor families, thus maintaining of these 
animals in a good health will be of valuable help to those low-income 
people.  
The skin diseases suppress the animals and reduce their ability of 
work, so successful treatment is very important. Donkeys are treated as 
small equine because they have important differences in physiology, 
behavior and management from horses. Successful diagnosis and treatment 
often depend on appreciation of these differences and identification of 
causative agents (Soulsiby, 2000). 
This study was conducted to estimate the prevalence of wound 
infection among donkeys in selected locations in Khartoum state and to 
identify the causative bacterial agents responsible of these infections. 
Eight hundred and eight donkeys were investigated for wounds in 
Khartoum state. About 30.8% were suffering from different wounds, of 
which 54.13% were detected in Khartoum north, 43.21% donkeys in 
Khartoum and 14.54% donkeys in Omdurman. 
Most wounds were superficial and, a few were deep wounds. This 
finding may indicate that most causes are mechanical injuries.  
The biggest population of donkeys in Khartoum state was in farms in 
Soba, Elgerif-garb, Pori and Azhari. In Azhari and Soba, the infection was 
very high, as the duration of work continued throughout the daylight and 
the animal carrying both passengers and water. 
 
    
In these areas overweight loads and forcing the animal to work 
without rest were observed and regarded as important factors that lead the 
animal to stress and exposing it to injury. There were many vet-offices 
however, poor owners preferred to treat their wounded animals by 
themselves using traditional treatment and methods. In Pori and Elgerif-
garb the wounded animals were five donkeys among 120 investigated 
animals. The reduced percentage of affected animals may be attributed to 
the fact that animals in these areas work less than 7 hours a day, carrying 
milk only (light weight), and the veterinary clinics are well scattered in the 
area providing proper treatment of affected animals and advice the owners.   
In Omdurman, although the number of investigated animals was 
large, only 14.54% of animals were found suffering from wounds. Perhaps 
the way of handling these animals by their owners play a role in this 
percentage of wounded animals. In addition, most samples from 
Omdurman were isolated during winter season; this may play a role in 
reducing bacterial infections. 
On the other hand, most of investigated donkeys were wounded in 
summer (35.54%). This may be explained by the fact that hot weather leads 
to wetting of the area under saddle by sweat. With continuous traction of 
the saddle to area, abrasions may occur and may become secondary 
infected by bacteria present on the skin. 
The study revealed that most of the working animals were between 
8-16 years of age. This fact reflects the higher average life of donkeys in 
Khartoum state compared to that in Ethiopia in which the average life 
rarely over 12 years (Sevendsen, 1994). 
The study revealed also that the highest percentage of wounded 
animals were detected in the group less than 8 years of age, although most 
investigated animals were above 8 years old. This could be explained by 
    
the fact that donkeys may be used for hard work while they are too young 
and this will expose them to frequent injury.  
Most sites of wounds were in the back (71.55%), in head (2.75%), in 
abdominal regions (14.22%) and in legs (11.46%). The finding was in 
contrast to that of Reilly (1995) and Trawford (1996), who found that most 
wounds were detected in legs of investigated donkeys. It was reported that 
carrying heavy weight causes wounds on legs while wounds on the back 
and abdominal region of the animal is caused always by saddles (Soulsby, 
2000). Hard saddles with heavy loads were observed in this study and were 
regarded as the main cause of  wounds both on the back and abdominal 
regions of the animal. The cause of wounds on the head was attributed 
mainly to bad bridle and insect bites.  
Among the donkeys investigated, the highest percentage of animals 
work in the transport of drinking water especially in summer. However, the 
highest percentage of wounded animals was detected among animals, 
which work in the transportation of passengers. This may be owed to heavy 
weight of passengers, as any space in the cart is filled regardless of the total 
weight pulled by the donkey. 
On the other hand, the lowest percentage of wounded animals was 
detected in donkeys used for transporting milk, which is lighter (4.16%) 
than water and passengers. 
In most parts of the state veterinary offices were not available 
(73.50%), so that some wounded animals were treated by traditional 
methods using Acaccia nilotica (garad), ash (ramad), buttery, feces of 
donkeys, Mahogany powder, Henna and leaves of some kinds of trees and 
oils.  
Mahogany powder was used at soba-aradi, which was the most 
traditional treatment. In all investigated locations feces was used for 
    
treatment. The majority of owners practiced treatment by cauterization 
however; the outcome of this method gave different results.  
The study reflected that 59.44% of infected donkeys were suffered 
from primary wound infection. Most of the affected animals in this 
category suffered from subcutaneous abscesses (35.09%), which was 
caused by many agents, of which Rhodococcus equi (31.68 %) was  the 
most frequently isolated bacteria. Staphylococcus equorum, was the 
primary cause of folliculitis (15.53%). It  was isolated for the first time 
from donkeys in the Sudan..  
Secondary wound infection accounted for 20.48% of infected 
animals. Most of the affected animals were suffered from fistulous withers 
(14.60%). They were many causative agents of fistulous withers including 
Staphylococcus aureus (Thornton et al., 1981) and Brucella abortus 
(Wilbur, 1903; Gaughan et al., 1988). Brucella spp was considered as the 
most important pathogen associated with fistulous withers cases (Steward, 
1935), and commonly present with Actinomyces bovis (Kimball and frank, 
1945; Roderisk, 1948).  
All reported bacterial causes of fistulous withers in Donkey were 
isolated in this study except Streptomyces spp which was isolated by 
Hammed et al. (1998) and Elzein, (2002) in the Sudan.   
Glanders and Strangle were reported in the Sudan in the list of 
animal diseases in statistical Bulletin for Animal resources (2000). The 
presence of these two diseases were confirmed in this study.   
Many bacteria isolated in this study were reported for the first time 
from external wounds of donkeys in the Sudan. 
Most of isolates were found sensitive to gentamicin, 
chloroamphinicol, lincomycin and ofloxacin. Most of isolates were found 
    
resistant to tetracycline which is the most frequently used antibiotic in the 
country.  
Conclusion and recommendations 
Conclusion: 
The present study concluded that: 
 Rodococcus equi, Staphylococcus hycus, 
Staphylococcus equorum, Streptococcus dysagalactiae 
subspp equismillus, Corynebacterium 
pseudotuberclosis, Actinomyces pyogenes, Pasturella 
multocida, Fusobacterium necrophorum, Listeria 
monocytogese and Yersinia pseudotuberculosis were 
causative agents of primary skin disease of donkey in 
Khartoum State. 
 Pseudomonas malli, Streptococcus equi, Brucella 
abortus, Actinomyces bovis, Actinomyces viscous, 
Staphylococcus aureus, Actinobacillus equuli, Yersinia 
pseudotuberclosis, Streptococcus zooepidemicus and 
Listeria monocytogenes were causative agents of 
secondary skin disease of donkey in Khartoum state. 
 Rodococcus equi was the most frequently 
isolated bacteria from wounded animals. 
 Brucella abortus were isolated from cases of 
fistulous withers in the Khartoum State. 
 Most isolates were found sensitive to 
gentamicins, chloroamphinicol, lincomycin and 
ofloxacin. However, Brucella abortus isolates were 
resistant to all tested antibacterial drugs.  
    
 
 
 
Recommendations: 
                   The present study recommends the following: 
 The role of Brucella abortus as a secondary cause of fistulous 
withers of donkeys and the pathogenesis of the disease should 
be studied. 
 Tradional tretment (methods and drugs) should be evaluated. 
 Good managements, housing and treatment of wounds in 
addition to use of suitable saddles will decrease chances of 
injury. 
 Awareness of owners and availability of veterinary offices will 
decrease the chance of wounds. 
 
 
 
 
 
 
 
                                           
 
    
 
 
CHAPTER SIX                                                         
REFERNCES 
 
Adams, O.R. (1974). Lameness in Horses 3rd ed. Philadelphia, Lea and 
Febiger. 
Baner, A. W; Kuby, W.M.M; Sherris, J.C; and Turch, M.  (1966). 
Antibiotic susceptibility testing by standardized single disc method. Am. Jj. 
Clin. Pathol. 45:493-496.  
Barrow and Feltham, (2003). Cowan and Steel’s Manual for the 
Identification of Medical Bacteria. Cambridge University Press, 
Cambridge, England. 
Bemis, H.E. (1925). Fistula in horses. Veterinary Practical Bulletin. 51,63. 
Betker, J; Kutzbach, H.D. (1991). The role of donkeys in agricultural 
mechanization in Niger: potential and limitions, Pp223-230 in Fielding, D., 
Pearson, R.A. (eds) Donkeys, mules and horses in tropical agricultural 
development, Proceedings of colloquium held 3-6 September 1990, 
Edinburgh, Center For Tropical Veterinary Medicine, University of 
Edinburgh.    
Blood, D.C; Radositis, O.M; Henderson, (2000). Veterinary Medicine. 7th  
ed. Bailliere Tindall, London. 
Bordalai, C.C; Nigam, J.M. (1977). Angiographic studies of the donkey 
foot (normal and abnormal)، , J Am Rad., XVIII. 3:90-92. 
    
Bruner, D.W; Gillespie, J.H. Ed. (1966). Hagan’s infections Diseases of 
Domestic Animals, 5th ed Cornell University Press, Ithaca New York, Pp. 
468-475. 
Camac, R.O. (2000). Introduction and origins of donkey. In: The 
Professional Handbook of the Donkey, 3rd ed Complied by Elisabeth D. 
S.M.B.E. Whittet Books limited. 18 anley Road, London, W 14 OBY Pp.9-
18. 
Carter, G.R. (1999). Essentials of Veterinary Bacteriology and Mycology. 
3rd ed. Lea and Febiger. Philadelphia. 
Clutton-Brock, J. (1992). Horse power: a history of the horse and the 
donkey in human societies, Harvard University Press, Cambridge, 
Massachusetts, USA.  
Corbel, M.J. (1998). Brucella abortus. In: Topely and Wilson’s 
Microbiology and Microbial infections. (Lesitie Coeliered. Albert Ralows 
Max Sussmen). 9th, ed. Pp.829-853. 
Cosgrove, J.S. (1961). Clinical a spects of equine brucellosis. The 
Veterinary Records. 73:1377-1382. 
Davenport, A.A; Carter, G .R; Beneke, E.S. (1975). Actinomyces 
viscosus in relation to other actinomycetes and actinomycosis. The 
Veterinary Bulletin. 45,33. 
Davis, W.R. (1922). Etiology of Fistulous withers and Poll evil. The   
Veterinary Records. 2:226-227. 
Deem, A.W.  (1937). Brucella abortus in horses. The Journal of Infections  
Diseases. 61:12-25. 
Duff, H.M.M. (1936). Fistulous withers and poll evil due to Brucella   
abortus. The Veterinary Records. 48:175-177. 
    
Eitzen, E; Culpepper, R; Cieslak, T; Christopher, G; Rowe, J; Pavin, J 
(1999). editors, Glanders: medical management of biological    casualties 
handbook, US Army Medical   Research Institute diseases Fort Detrick, 
Maryland.  
Elzein, S; Hammed, M.E; Quintanan, E; Mahjoub, A; Good fellow, M. 
(2002). Streptomyces Spp. a cause of Fistulous withers in donkeys.  
Deutsche Tierarztiche Wochenschrift. 10: 442-443. 
FAO, (1994). Draught animals power manual, Food and Agriculture 
Organization, Rome, Italy.  
Fielding, D. (1991).  The number and distribution of equines in the world ,
Fielding, D., and Pearson, R.A. (eds), Donkeys, mules and horses in 
tropical agriclural development, Proceedings of colloquium held 3-6 
Septemper 1990, Edinburgh, UK Center for Tropical Veterinary Medicine, 
University of Edinburgh  
Fitch, C.P; Bishop; Lucille; Boyd, W.L. (1932). Report on further work 
onto the relation of Bacterium abortus Bang to fistula and poll evil of 
horses. The American Journal of Veterinary Medicine Association. 8:964-
966.   
Gaughan, E.M; Fubini, S.L; Dietze, A. (1988). Fistulous withers in 
horses, 14 cases. The American Journal of Veterinary Medicine   
Association. 8: 964-966. 
Hamid, M.E; Fadia, Y.A; Abdulla, A.F; Adam, D.A. (1998). Records of 
clinical cases presented to Nyala Veterinary Teaching Hospital 1993-1997. 
Sudan Journal of Animal science and husbandry. 
Hatenorth, T; Diller,M. (1986). In: Integrated Livestock Surveys of Red 
Sea Province, Sudan. Environmental Research Group Oxford Limited 
(eds). January   1990.  
    
Jenning, W.E. (1963). Glanders. In: C. Charles, Editor, Diseases 
transmitted from animals to man, Thomas Publisher, Springfield, Pp.    
262-264. Detection of Burkholderia mallei and Burkholderia pseudomallei 
by PCR.       
Jones, F.S. (1919). Strangles. The journal of Experimental Medicine. 
June, M.B; Michel, M.M. (2003). Nocardia, Rhodococcus, Gordonia, 
Actinomadura, Streptomyces and other Aerobic Actinomycetes. In: Manual 
of clinical Microbiology 8th ed.1:502-522. 
Kimball, A; Frank, E.R. (1945). The isolation of Actinomyces Bovis from 
Fistulous withers and poll evil. The American Journal of Veterinary 
Research. 6:39-44. 
Misk, N.A. (1990), Ocular (Diseases in Donkeys), Equine Practice. 12:20-
27. 
Murray, D.R; Ladds, P.W; Campbell, R.S.F. (1978).  Glaucomatous and 
neoplastic diseases of the skin of horses. The Australian Veterinary Journal. 
54:338. 
National Committee for Clinical Laboratory standards. (1997). 
Specialty Collection: Susceptibility Testing. SC21L. M7-A4. NCCLS, 
Wayne, PA. 
Quinn, P.J; Carter, M.E; Markey, B.K; Carter, G.R. Eds (1999). 
Clinical Veterinary Microbiology. Virginia Mosby. 
 Reilly, J.D. (1995). No hoof no horse? , Equines Veterinary Journal. 27: 
166-168. 
Report of the Working Party on Antibiotic Sensitivity Testing of the 
British Society of Antimicrobial Chemotherapy (1991). A guide to   
sensitivity testing. Journal of Antmicrobial Chemotherapy, 27, Suppl. D, 1-
500.  
    
Roderick, L.M; Kimball, A; Frank, E.R. (1948). A study of   Equine 
fistulous withers and poll evil. A complex infection with Actinomyces bovis 
and Brucella. American Journal of Veterinary Research. 30:5-10. 
Sevendsen, E.D. (1994). The main type of parasites affecting Donkeys, 
health in various parts of the world, in Proceedings of a 2nd colloquium on 
working equines (Eds, Bakkoury. M. E. and Prentis.  R. A), Institute 
Agronomique ET Veterinaries Hassan11, Rabat, Morocco, Pp. 23-34. 
Sisson, S; Grossman, J.D. (1938). The Anatomy of Domestic Animals 3rd 
ed. W. B. Saunders C.O,  Philadelphia. Pp.214-215.  
Slack, J.M. (1974). Family Actinomycetaceae Buchanan 1918 and genus 
Actinomyces Harz1977, In: Buchanan and Gibbons (eds.) Bergeys Manual 
of Determinative Bacteriology, 8th ed. The Williams and Wilkins Co. 
Baltimore, Pp. 659-667. 
Slack, J.M; Gerencser, M.A. (1975). Actinomyces, Filamentous Bacteria. 
Biology and pathogenicity. Bergeys Publishing Company, Minneapolis. 
Soulsby, E.J.L. (2000) .The Professional Handbook of the Donkey.3rd Ed. 
By Elisabeth, D. S. M. B. E. Whittet Books Limited, 18 anley Road, 
London W 14 OBY. Pp. 5-6. 
Starkey, P; Mwenya, E; Stares, J. (eds) (1994). Improving animal 
traction technology, proceedings of the first workshop of the Animal 
Traction Network for Eastern and Southern Africa (ATNESA) held 18-23 
January 1992, Lusaka, Zambia. Technical Center for Agricultural and Rural 
Cooperation (CTA), Wageningen, The Netherlands.    
Statistical Bulletin for Animal Resources (2000). Issue No (148-49). 
Steward, J.S. (1935). Fistulous withers and poll evil. The Veterinary   
Records. 15:1563-1573. 
    
Thornton, A; Newon, D; Burton, D. (1983). Personal communications. 
The Australian Veterinary Journal. 55:81-83. 
Trawford, A.F; Crane, M.A. (1995) Nursing care of the donkey, Equine 
Veterinary Education. 7, (1), 36-38 (1996). 
Yagoub, L.A. (2003). Study on some aspects of Fistulous withers 
(Supraspinus Bursitis) in Donkeys with emphasis on the role of 
Streptomycetes as a causative agent. M.V.SC. Thesis. University of 
Khartoum. 
Williams, S.T; Goodfellow, M; Wellington, E.M.H; Vickers, J.C; 
Alderson, G; Sneath, P.H.A; Sackin, M.J; Mortimer, A.M. (1983). A 
probability matrix for identification of some streptomycetes. The Journal of 
General Microbiology. 129:1815-1830.   
Wilbur, B.R. (1903). Calcium sulphide in poll evil and fistulous withers. 
DVM Thesis, Cornell University, Ithaca, NY. 
Williams, W.L. (1908). Poll evil and fistulous withers. Veterinary Journal. 
64:435-456.  
Winstanley, T; Edwards, C; Limb, D; Megson, K; Spencer, R.J. (1994). 
Evaluation of a surfactant, Dispersal LN, as an antiswarming agent in agar 
dilution susceptibility testing. Journal of Antmicrobial Chemotherapy. 
Yilma, J.M; Feseeha, G.A; Svendsen, E.D; Mohammed, A. (1991). 
Health problems of working donkeys in Debre Zeit and Menagesha regions 
of Ethiopia, Proceedings of a colloquium on donkeys, mules and Horses 
(opcet) Pp. 151-155. 
  
    
 
APPENDICES 
Appendix (A) 
 
                                Questionnaire used in the Study 
1 \ Serial number: (        ) 
 2 \ Sites: 
Khartoum                     Omdorman                Khartoum-North  
Name of area ----------------------  
 3 \ Sex          Male             Female 
4 \ Age      
5 \ Seasons         Summer          Winter            Rainy         
 6 \ Veterinary services        Available            Not available 
  7 \ Type of work         Carrying water           Carrying passenger                                
       Together               Carrying milk            
 8 \Duration of work         Less than 7 hours          More than 7 hours 
9 \ Wounds infection        Yes            No 
If it was wounded, other questions will be answer 
10 \ Location of wounds          Head          Abdomen          Back  
             Legs        
11 \ Treatment         Drug             Traditional               No treatment 
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Appendix (B): Tables of biochemical test 
 Rhodococcus equi 
 
 
Sample 
 
Gram 
stain 
Shape Oxidase Catalase O/F Motility Heamolysis Urease Glucose Sucrose Maltose Nitrate 
Reduction 
Aesculin 
Hydrolysis 
34 +ve Cocci + + - - - + - - - + - 
50 +ve Cocci + + - - - + - - - + - 
175 +ve Cocci - + - - - + - - - + - 
178 +ve Cocci - - - - - + - - - + - 
124 +ve Cocci + + - - - + - - - + - 
83 +ve Cocci - + - - - + - - -   
48 +ve Rods + + - - - + - - -   
78 +ve Rods + - - - - + - - -   
143 +ve Cocci - + - - - + - - -   
144 +ve Cocci + + - - - + - - -   
151 +ve Cocci - + - - - + - - -   
154 +ve Cocci + + - - - + - - -   
146 +ve Cocci + + - - - + - - -   
147 +ve Cocci + + - - - + - - -   
161 +ve Cocci -  - - - + - - -   
24 +ve Cocci + + - - -  - - -   
179 +ve Rods + - - - - + - - -   
191 +ve Cocci + + - - - + - - -   
206B +ve Rods - - - - B - - - -   
212A +ve Cocci + + - - - + - - -   
212B +ve Rods + + - - B + - - -   
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210B +ve Rods + + - - B + - - -   
202A +ve Cocci -  - - - + - - -   
205A +ve Cocci - + - - B + - - -   
205B +ve Rods + + - - B + - - -   
210C +ve Rods + + - - - + - - -   
215A +ve Cocci + + - + B + - - -   
238B +ve Cocci + + - - - + - - -   
33 +ve Cocci + + - - B + - - -   
230 +ve Rods - + - - - + - - -   
226 +ve Rods - + - - - + - - -   
234A +ve Cocci + + - - - + - - -   
234B +ve Rods + + - - - + - - -   
235C +ve Rods - + - - B + - - -   
117 +ve Cocci + + - - - + - - -   
168 +ve Cocci + + - - - + - - -   
159B +ve Cocci + + - - - + - - -   
235B +ve Cocci + + - - - + - - -   
239D +ve Cocci + - - - - + - - -   
248  +ve Rods + + - - B + - - -   
249  +ve Cocci + + - - - + - - -   
204A +ve Cocci + + - - - + - - -   
229B +ve Rods + - - - B + - - -   
223A +ve Cocci + + - - - + - - -   
203 +ve Cocci + + - - - + - - -   
209 +ve Cocci + + - - B + - - -   
221A +ve Cocci + + - - B + - - -   
237A +ve Cocci + + - - B + - - -   
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236 +ve Cocci + + - - B + - - -   
233 +ve Cocci + + - - - + - - -   
207B +ve Rods + + - - - + - - - + - 
201B +ve Rods + + - - B + - - - + - 
225B +ve Cocci + - - - B + - - - + - 
222A +ve Cocci + + - - - + - - - + - 
229 +ve Cocci + + - - - + - - - + - 
241A +ve Rods + + - - - + - - - + - 
244 +ve Cocci + + - - - + - - - + - 
246 +ve Rods + + - - - + - - - + - 
260 +ve Rods + + - - - + - - - + - 
247 +ve Rods + + - - - + - - - + - 
311A +ve Rods + + - - - + - - - + - 
332A +ve Rods + + - - - + - - - + - 
332B +ve Cocci + + - - - + - - - + - 
325 +ve Cocci - + - - B + - - - + - 
319 +ve Cocci + + - - - + - - - + - 
322 +ve Rods - + - - B + - - - + - 
311B +ve Cocci + + - - - + - - - + - 
353B +ve Rods - + - - - + - - - + - 
250 +ve Cocci + + - - - + - - -   
216 +ve Cocci + + - - - + - - -   
251 +ve Cocci + + - - - + - - -   
252 +ve Cocci - + - - - + - - -   
253 +ve Cocci - + - - - + - - -   
211 +ve Cocci + + - - - + - - -   
255 +ve Cocci + + - - - + - - -   
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256 +ve Rods - + - - - + - - -   
222B +ve Cocci + + - - - + - - -   
236A +ve Cocci + + - - - + - - -   
236B +ve Rods + + - - - + - - -   
353A +ve Cocci + + - - - + - - -   
329A +ve Cocci + + - - - + - - -   
336 +ve Cocci + + - - - + - - -   
318 +ve Cocci + + - - - + - - -   
344 +ve Rods + + - - - + - - -   
347 +ve Cocci + + - - B + - - -   
362A +ve Rods + + - - B + - - -   
313B +ve Rods - - - - - + - - -   
352 +ve Cocci - + - - - + - - -   
337 +ve Rods - + - - - + - - -   
363 +ve Cocci + + - - - + - - -   
315 +ve Cocci + + - - - + - - -   
357 +ve Cocci - + - - - + - - -   
328 +ve Cocci + - - - - + - - -   
324A +ve Cocci + - - - - + - - -   
344B +ve Rods + + - - - + - - -   
338A +ve Cocci + + - - - + - - -   
304 +ve Cocci + + - - B + - - - + - 
331 +ve Cocci - + - - - + - - - + - 
333 +ve Rods - + - - - + - - - + - 
330 +ve Cocci + + - - - + - - - + - 
323A +ve Cocci + + - - - + - - - + - 
323B +ve Rods - + - - - + - - -   
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Staphylococcus spp  
 
Sample Gram 
stain 
Shape Oxidase Catalase O/F Haemolysis Coagulase Urease Mannitol Maltose Aesculin 
Hydrolysis 
VP Nitrate 
Reduction 
Glucose Lactose 
 +ve cocci - + F  - + D + +   + - 
 +ve Cocci - + F - - + D + +   + - 
+ve Cocci - + F - - + D + +   + - 
+ve Cocci - + F - - + - D +   + - 
116 +ve Cocci - + F - D + - + -   - - 
+ve Cocci - + F - + - + + - + + + - 
122 +ve Cocci D + F - + + + D - + + D D 
123 +ve Cocci - + F - D + - + -   + + 
 +ve Cocci - + F B + + + + - + + - - 
 +ve Cocci - + F - - + D + +     
+ve Cocci - + F - - +        
176 +ve Cocci - + F B - + - D +   + - 
 +ve Cocci - + F - D + - +      
 +ve Cocci - + F - + D        
 +ve Cocci + + F - - +        
 +ve Cocci - + F - - +        
 +ve Cocci - + F B D + - + -     
 +ve Cocci - + F - - D D + +     
 +ve Cocci + + F - - + D + +   - - 
 +ve Cocci - + F - + D + + - + +   
 +ve Cocci - + F B + D   - + +   
 +ve Cocci - + F B + + + + - + + + + 
110 +ve Cocci - + F B + D    + +   
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142 +ve Cocci - + F - + + + + - +    
116 +ve Cocci + + F B - D        
159A +ve Cocci - + F - - D        
 +ve Cocci - + F B -         
 +ve Cocci - + F - + D    + +   
 +ve Cocci - + F - + D    + +   
 +ve Cocci + + F - D + - + -   + - 
 +ve Cocci - + F B - +        
 +ve Cocci - + F B - + +(D) + +   + - 
 +ve Cocci - + F - - +        
+ve Cocci - + F - - +        
270 +ve Cocci + + F - -         
308 +ve Cocci + + F B -         
356 +ve Cocci - + F B + + - - - + + + - 
303 +ve Cocci - + F - D + - + -   + - 
0 +ve Cocci W + F + - + + D +   + - 
321 +ve Cocci - + F B + D    + +   
311C +ve Cocci - + F B + D + D - + +   
351 +ve Cocci W + F B -         
346 +ve Cocci W + F - -         
345 +ve Cocci - + F + + D + + - + + + - 
361 +ve Cocci - + F + D + - + -   + - 
305 +ve Cocci - + F  -         
362B +ve Cocci D + F - D D - + -   - - 
302 +ve Cocci - + F - D D - + -   - - 
335 +ve Cocci - + F B -         
327 +ve Cocci - + F - -         
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341 +ve Cocci - + F B -         
342B +ve Cocci - + F B -         
307 +ve Cocci - + F B -         
176 +ve Cocci - + F - -         
359A +ve Cocci W + F B -         
309A +ve Cocci - + F B +     + +   
338B +ve Cocci - + F B +     + +   
350A +ve Cocci - + F - -         
371 +ve Cocci - + F - D D - + -     
331A +ve Cocci + + F + + D        
310B +ve Cocci - + F - -         
314B +ve Cocci - + F B -         
329B +ve Cocci - + F  + D + + - + +   
342B +ve Cocci - + F + + D + + - + +   
363B +ve Cocci - + F + +         
360 +ve Cocci - + F - -         
162 +ve Cocci - + F B - +        
 +ve Cocci - + F - - + + + +   + - 
+ve Cocci W + F - -         
+ve Cocci + + F + +         
+ve Cocci + + F B +         
+ve Cocci + + F - +         
177 +ve Cocci W + F - -         
 +ve Cocci - + F B -         
114 +ve Cocci W + F B -         
137 +ve Cocci + + F - +         
192 +ve Cocci - + F B +         
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202B +ve Cocci - + F + +         
232 +ve Cocci + + F - - + + D +   + - 
208 +ve Cocci - + F + +         
245 +ve Cocci - + F - D         
243 +ve Cocci - + F - D         
220 +ve Cocci + + F - - +        
209A +ve Cocci + + F - - +        
279C +ve Cocci - + F B D         
210A +ve Cocci - + F - D         
224A +ve Cocci - + F B +         
209B +ve Cocci + + F B -         
275 +ve Cocci W + F - -         
221B +ve Cocci W + F B -         
210A1 +ve Cocci + + F - -         
215B +ve Cocci D + F B -         
231 +ve Cocci - + F B D         
218 +ve Cocci D + F B -         
207A +ve Cocci - + F - D         
238A +ve Cocci - + F B +         
219A +ve Cocci - + F - D         
227 +ve Cocci - + F B +         
201C +ve Cocci - + F - +         
211B +ve Cocci D + F b +         
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Micrococcus spp 
 
 
Sample Gram 
stain 
Shape Oxidase Catalase O/F Motility Haemolysis Glucose Sucrose Lactose Maltose Mannitol Xylose Nitrate 
Reduction 
Coagulase 
 +ve Cocci + + O - - + D D - - + + - 
 +ve Cocci + + O - + + + D - + - + - 
 +ve Cocci + + O - + + D D - + - + - 
+ve Cocci - + O - - D - - + - + + - 
+ve Cocci - + O - - + + +  + + + - 
+ve Cocci + + O - - D - - - - - + - 
+ve Cocci - + O - - D D -  - - + - 
+ve Cocci + + O - + + - - - + D + - 
+ve Cocci + + O - + + - - - - D + - 
 +ve Cocci D + O - + D - - + - - + - 
+ve Cocci + + O - + + + - + + + + - 
+ve Cocci + + O - -       + - 
+ve Cocci + + O - +       + - 
+ve Cocci + + O - -        - 
+ve Cocci + D O - -        - 
+ve Cocci + W O - +        - 
+ve Cocci W + O - +        - 
+ve Cocci + + O - -        - 
+ve Cocci + + O - -        - 
 76 
 
   
+ve Cocci + + O - -        - 
+ve Cocci + + O - -        - 
+ve Cocci + + O - -        - 
 +ve Cocci + + O - +        - 
+ve Cocci + + O - -        - 
 +ve Cocci + + O - -        - 
 +ve Cocci + W O - +        - 
 +ve Cocci + + O - +        - 
+ve Cocci + + O - +        - 
+ve Cocci + + O - +        - 
+ve Cocci + + O  -        - 
+ve Cocci + + O - -        - 
223B +ve Cocci + + O - -        - 
 +ve Cocci + + O - +        - 
392A +ve Cocci + + O - -        - 
 +ve Cocci + + O - -        - 
+ve Cocci + + O - -        - 
 +ve Cocci + + O - +        - 
+ve Cocci + + O - +        - 
 +ve Cocci + + O - -        - 
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86 +ve Rods - - + F + + - + -  - + - - 
61 +ve Rods - - + F + + - + -  - + - - 
64 +ve Rods - - + F + + - + -  - + - - 
28 +ve Rods - B + F + + - - - - - - + + 
140 +ve Rods - - + F + + - + -  - + - - 
62 +ve Rods - - + F + + - + -  - + - - 
169 +ve Rods + B + F + + - - - - - - + + 
129 +ve Rods + B + F + + - - - - - - + + 
217C +ve Rods - B + F + + - - - - - - + + 
240 +ve Rods - - + F + + - - - - - - + + 
204B +ve Rods - B + F + + - - -  - + - - 
258 +ve Rods + + + F + + + + -  - + - - 
224B +ve Rods + B + F + + - - - - - - + + 
211A +ve Rods + B + F + + - - - - - - + + 
339 +ve Rods - B + F + + - - - - - - + + 
39 +ve Rods - - + F + + - + -  - + - - 
353B +ve Rods +  + F + + + + -  - + - - 
34 5 
 
+ve Rods + B + F + + - - - - - - + - 
Corynobacterium spp 
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 Bacillus mycoides 
 
 
Sample Gram 
stain 
   Shape Catalase Oxidase O/F Motility Haemolysis Growth on 
Nutrient 
agar 
Growth on 
MacConkey 
gar 
Penicillin 
Susceptibility 
(10 unit disc) 
201B +ve Rods +  - - W + - R 
210B +ve Rods +  - - W + - R 
238C +ve Coco bcilli +w  F - W + - R 
365 +ve Rods -  O - W + - R 
358 -ve cocobacilli -  O - W + - R 
359B +ve Coco bcilli   F - + + - R 
309B +ve Cocobacilli   F - + + - R 
350B +ve Cocobacilli   F - W + - R 
353B +ve Cocobacilli +  - - W + - R 
345 +ve Cocobacilli +  F - W + - R 
344 +ve Cocobacilli +  - - W + - R 
25 +ve Cocobacilli + - O - W + - R 
139 -ve Cocobacilli + + O - W + - R 
332A +ve Cocobacilli + + - - - + - R 
313B +ve Cocobacilli + + - - - + - R 
311B +ve cocobacilli +  - - - + - R 
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Streptococcus spp 
 
 
Sample Gram 
stain 
Shape Oxidase Catalase O/F Haemolysis Lactose Maltose Raffinose Inulin Sorbitol Salicin Aesculin 
Hydrolysis 
Mannitol Gelatin 
Liquefaction 
+ve Cocci + - F B - + - - - - (d) Week - - 
+ve Cocci  - F B + + + + + + - - - 
+ve Cocci - - F B + - + + + + - - - 
+ve Cocci - - F B - + + - - + - - - 
+ve Cocci - - F B - + + - - + - - - 
229A +ve Cocci  - F B + - - + + + - - - 
225A +ve Cocci  - F B - + + - - + - - - 
+ve Cocci  - F B - + + - - + - - - 
313C +ve cocci  - F B - + + - - + - - - 
Actinomyces spp 
 
Sample Gram 
stain 
Shape Catalase Oxidase O/F Haemolysis Motility Mycolic 
Acid 
Spores Raffinose Maltose Sucrose Lactose MZN Mannitol Salicin 
+ve Rods - - O B - - - - + D + - - - 
 +ve Rods + - O B - - - + + + + - - + 
+ve Rods - - O B - - - - + D + - - - 
+ve Rods +  O - - - -     - -  
+ve Rods + + O - - - -     - -  
 +ve Rods - - O B - - - - + D + - - - 
+ve Rods + + O - - - -     - -  
+ve Rods - - O B - - -     - -  
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Pasteurella spp 
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10 -ve R + + F - - - + - + - + + - - - + 
47 -ve R + + F - - - + - + + + D - - - + 
119 -ve R + + F - B + + + - + + +  - + + 
130 -ve R + + F - - - + - + - + + - - - + 
190 -ve R + + F - B - + D + + + +     
313A -ve R + + F - - - + - + + + D - - - + 
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Pseudomonas mallei 
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219 -ve R - + O - B - + - + + Colonies - - + 
160 -ve R - + O - B - + - + + Become - - + 
358 -ve R - + O - B - + - + + Orange to - - + 
241B -ve R - + O - B - + - + + Cream - - + 
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Neisseria Lactamica 
 
Sample Gram 
Stain 
Shape Catalase Oxidase O/F Heamolysis Motility Growth on 
MacConkey 
agar 
Glucose Lactose Maltose Sucrose Nitrate 
Reduction 
316 -ve C + + O - + + + - + + - 
343 -ve C + + O - + + + D D + - 
363 -ve C + + O - + + + + + + - 
125 -ve C + + O - + + + + + + - 
 
Fusobacterium nerophorum 
 
Sample Gram 
stain 
Shape Catalase O/F Haemolysis Growth on Mac-
Conkey agar 
Motility Nitrate 
Reduction 
Urease Gelatin 
Liquefaction 
Aesculin 
Hydrolysis 
237B -ve R + - B + - + - + + 
228 -ve R + - B + - + - + + 
168 -ve R + - B + - + - + + 
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Acientobacter anitratus 
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126 -ve C + - O - + + + D + + - - 
127 -ve C + - O - + + + D + + - - 
128 -ve C + - O - + + + D + + - - 
 
 
Yersinia pseudotuberculosis  
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217A -ve R + - F + B + - - - + - - + - + + + + + 
340 -ve R + - F + B + - - - + - - + - + + + + + 
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Actinobacillus equuli 
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219B -ve R + + F - + + + +(D) +(D) + + + - + + 
239A -ve R + + F - + + + + + + + + - + + 
 
 
 Brucella abortus 
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42 -ve Cocci + + O - - + - + - + - - + - - 
306B -ve Cocci + + O - - + - + - + - - + - - 
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Listeria monocytogenes 
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